Chemical investigation of the stem bark of Calophyllum soulattri resulted in the isolation of a new phloroglucinol, namely calosubellinone (1) along with two known compounds, garsubellin B (2) and soulattrone A (3). The structures of these compounds were established on the basis of spectroscopic methods. Compounds 1 and 2 displayed growth inhibitory activities against HeLa cancer cells comparable to the positive control cisplatin, with IC 50 values of 19.3 and 16.5 μM, respectively. In addition, compound 2 also showed antiproliferative activity against a MDA-MB-231 cancer cell line with an IC 50 value of 17.7 μM. Compounds 1 and 2 were found to exhibit good cancer-specific cytotoxicity when tested against noncancerous HEK293 cells. These findings have highlighted the therapeutic potential of compounds 1 and 2 as anticancer agents.
The genus Calophyllum, belonging to the family Clusiaceae, is found to be abundant in bioactive chromanones, coumarins, xanthones, and triterpenoids [1] , and a number of these compounds were reported to show interesting biological properties, such as antimalarial [2] , anticancer [3] , antiviral [4] , antibacterial [5] , antidiabetic [6] , antifilarial [7] and antioxidant activities [8] . Previous phytochemical studies by Gwen and co-workers on C. soulattri reported the isolation of pyranocoumarins [9] , xanthones [3, 10] and triterpenoids [9, 10] . Soulattrin, a linear pyranoxanthone isolated from stem bark of C. soulattri, was found to exhibit potent antiproliferative activities against HeLa (cervical), K562 (leukaemia), NCI-H23 (lung) and SNU-1 (stomach) cancer cell lines with IC 50 values of below 3.0 µM [3] . In pursuit of more biological active compounds from C. soulattri, we had also studied the stem bark extract of this plant which has led to the isolation of a new phloroglucinol, calosubellinone (1), and two known compounds, garsubellin B (2) and soulattrone A (3). Phloroglucinols 1 and 2 were reported for the first time from Calophyllum species.
A phytochemical study of the dichloromethane extract afforded two phloroglucinols, 1 and 2, and a terpenoid 3. Calosubellinone (1) was isolated via column chromatography (CC) as a yellow gum, giving a specific rotation, [α] D of +15.6° (EtOH, c 0.60) at room temperature. This compound showed a retention factor, R f value of 0.62 via a mobile phase of 8 In the HMBC spectrum (Supplementary Figure S5) , key correlations from the methylene protons H-17 to C-4 (δ C 54.9), and H-22 to C-1 (δ C 206.9), C-2 (δ C 97.3) and C-3 (δ C 209.2) suggested two isoprenyl groups were separately attached to the ring structure at carbon positions C-4 and C-2. While the HMBC correlations from OH to C-4 (δ C 54.9), C-5 (δ C 108.0) and C-6 (δ C 70.4) suggested the OH group to be attached to the acetal-type quaternary carbon C-5. Moreover, both the geminal dimethyl groups, H-10 and H-11 showed correlations with carbons C-6 (δ C 70.4), C-8 (δ C 41.1) and C-9 (δ C 44.1) indicating the two methyl groups to be linked to the quaternary carbon C-9. The 2-methylbutanoyl group was attached to the relatively deshielded methine carbon C-6 (δ C 70.4) due to the anisotropic effect of the adjacent keto carbonyl of the NPC Natural Product Communications 2017 Vol. 12 No. 9 1469 -1471 1470 Natural Product Communications Vol. 12 (9) 2017 Lim et al.
2-methylbutanoyl group and the ring keto carbonyl group linked to it. Lastly, the third isoprenyl group was found to be attached to the remaining methine carbon C-8 in the ring. The relative configurations at the chiral carbons C-4, C-6 and C-8 were assumed to be analogous to those related carbons in compound 2. Compound 1 was therefore established to be calosubellinone with its chemical structure being displayed in Figure 1 . Compounds 2 and 3 were identified as garsubellin B and soulattrone A based on their NMR and MS data and comparison with the reported values [11, 12] .
Compounds 1-3 were screened for their cytotoxic activities against four cancer cell lines, HeLa (cervical carcinoma), MDA-MB-231 (breast adenocarcinoma), LS174T (colorectal carcinoma), T98G (ganglioblastoma) and a normal human cell line, HEK293 (human embryonic kidney cells). The results of the assays of the isolates are displayed in Table 1 . Compounds 1 and 2 were cytotoxic against the HeLa cancer cell line with IC 50 values of 19.3 and 16.5 μM, respectively, comparable to the positive control cisplatin. Compound 2 also exhibited growth inhibitory activity against MDA-MB-231 cancer cells with an IC 50 value of 17.7 μM. While compound 3 showed only weak activities against the four cancer cell lines. When treated with noncancerous HEK293 cells, compounds 1 and 2 were found to exhibit good cancer-specific cytotoxicity against HeLa cells. The IC 50 values for compounds 1 and 2 against normal human embryonic kidney cells, HEK293, were at least 10-fold higher than that for HeLa cancer cells. Further, compound 2 also showed good cancer-specific cytotoxicity against MDA-MB-231 cells.
Experimental
General: Melting points were determined on a Stuart SMP10 melting point apparatus (Barloworld Scientific Limited, Staffordshire, UK) and are uncorrected. Optical rotations were performed on a JASCO P-1020 polarimeter (JASCO, Tokyo, Japan). IR spectra were obtained in KBr using a Perkin-Elmer Spectrum RXI FTIR spectrophotometer (Perkin-Elmer, Waltham, MA, US). NMR spectra were measured on a JEOL JNM-ECX 400 MHz FTNMR spectrometer (JEOL, Tokyo, Japan) in CDCl 3 with TMS as the internal standard. Chemical shifts () are reported in ppm and coupling constants (J) are expressed in Hertz. EIMS and HR-EIMS were acquired on an Agilent 5975C MSD (Agilent Technologies, Santa Clara, CA, US) and Thermo Finnigan MAT95XL (Thermo Fisher, Bremen, Germany) mass spectrometers, respectively. All reagents were of analytical quality and used without further purification unless otherwise specified.
Column chromatography was performed with silica gel 60 (230-300 mesh, Merck, Darmstadt, Germany) via gradient elution and sephadex LH-20 (GE Healthcare, US) via isocratic elution. Analytical TLC was performed on precoated silica gel 60 F 254 (Merck, Darmstadt, Germany).
Plant material:
The stem bark of C. soulattri was collected from the jungle in Landeh district of Sarawak, Malaysia, and was identified by Mr. Tinjan Anak Kuda, botanist from the Forest Department, Sarawak. Voucher specimen (UITM 3010) was deposited at the herbarium of Universiti Teknologi MARA, Sarawak.
Extraction and isolation: About 1.5 kg of dried and ground stem bark material of C. soulattri was extracted twice, each time with 10 L of CH 2 Cl 2 at room temperature for 72 h. The combined CH 2 Cl 2 extract was concentrated under reduced pressure by using a rotary evaporator to give 24.8 g of dried CH 2 Cl 2 extract. About 20 g of CH 2 Cl 2 extract was subjected to silica gel CC (40-63 μm, 8.5 x 50 cm, 600 g) packed in n-hexane and eluted with n-hexane-CH 2 
